Nowadays there is a clear trend towards using methods and tools that can help to develop multiagent systems (MAS). Thanks to the contribution from agent based computing to the field of computer simulation mediated by ABS (Agent Based Simulation) is obtained benefits like methods for evaluation and visualization of multi agent systems or for training future users of a system. This study presents a multiagent based middleware for the agents behavior simulation. The main challenge of this work is the design and development of a new infrastructure that can act as a middleware to communicate the current technology in charge of the development of the multiagent system and the technology in charge of the simulation, visualization and analysis of the behavior of the agents. The proposed middleware infrastructure makes it possible to visualize the emergent agent behaviour and the entity agent in a 3D environment. It also allows to design multi-agent systems considering organizational aspects of agent societies.
Introduction
The contribution from agent based computing to the field of computer simulation mediated by ABS (Agent Based Simulation) is a new paradigm for the simulation of complex systems that require a high level of interaction between the entities of the system. Possible benefits of agent based computing for computer simulation include methods for evaluation of multi agent systems or for training future users of a system [6] . Many new technical systems are distributed systems and involve complex interaction between humans and machines, which notably reduce their usability. The properties of ABS makes it especially suitable for simulating this Elena García . Virginia Gallego . Sara Rodríguez . Carolina Zato . Juan F. de Paz Juan Manuel Corchado Computers and Automation Department, University of Salamanca, Salamanca, Spain e-mail: {elegar,sandalia,srg,carol_zato,fcofds,corchado}@usal.es kind of systems. The idea is to model the behaviour of the human users in terms of software agents. However, it is necessary to define new middleware solutions that allow the connection on ABS a simulation software. This paper describes the results achieved towards a multiagent-based middleware for the agents' behavior simulation. The middleware, called MISIA (Middleware Infrastructure to Simulate Intelligent Agents), allows simulation, visualization and analysis of the agent' behavior. MISIA makes use of technologies for the development of multiagent systems known and widely used, and combines them so that it is possible to use their capabilities to build highly complex and dynamic systems.
The article is structured as follows: Section 2 makes a review of the most important requirements and the reasons that led to the realization of this research. Sections 3 introduces a description of the middleware specifically adapted to the simulation of virtual organizations within dynamic environments. Finally, some results conclusions are given in Sections 4 and 5.
Background and Requirements
Nowadays, MAS (Multi-Agent Systems) are widely used in various fields due to their inherent properties such as autonomy, local view, decentralization, coordination or cooperation among agents to solve a general problem. MAS based on organizational concepts coordinate and exchange services and information; they are capable of negotiating and coming to an agreement; and they can carry out other more complex social actions. At present, research focusing on the design of MAS from an organizational perspective seems to be gaining most ground. The emergent thought is that modeling the interactions in a MAS cannot be related exclusively to the actual agent and its communication capabilities; instead, organizational engineering is necessary as well. The concepts of rules, norms and institutions [8] and social structures [18] are rooted in the idea of needing a higher level of abstraction, independent from the agent, that explicitly defines the organizations in which the agents reside. MAS developers have focused their efforts on the organizational aspects of agent societies, using the concepts of organization, norms, roles, etc. Virtual organizations (VO) [9] are a means of understanding system models from a sociological perspective. VO have been usefully employed as a paradigm for developing agent systems [9] . One of the advantages of organizational development is that systems are modeled with a high level of abstraction, so the conceptual gap between real world and models is reduced. Also this kind of system offers facilities to implement open systems and heterogeneous member participation.
There are several different organizational approaches and platforms: [4] . However, the designers must implement all the features of simulation, if required; for example, in cases where it is necessary to take into account for both microscopic features, such as specifying the
